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STRUCTURE OF PROTECTION AGAINST NOISE 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to integrated circuits intended for operating at 
5 very high frequency and more specifically to such circuits, some portions of which are 
sensitive to noise signals. For example, in the field of telecommunications and of portable 
phones, it is desired to integrate on a same chip logic signal processing circuits and analog 
amplifying circuits, intended for operating at very high frequencies, greater than 1 GHz, 
ranging for example from 2 to 10 GHz. In particular, a low-noise analog amplifier directly 

M 10 connected to the antenna output is generally provided. It is important to avoid that the 
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□ noise resulting from the switchings of the digital signals affects the amplifier inputs since 
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m this noise would then be injected back into the circuit with a very high gain. 
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S3 Discussion of the Related Art 

q To test the sensitivity to noise of an integrated circuit and of various 

^ 15 protection circuits, a test structure such as that shown in Figure 1 may be used. In this test 
W structure, the chip is divided into squares. For example, a chip portion having a 5- 

Sj millimeter side is divided into 15x15 squares. A circuit likely to transmit square signals is 

formed in the first square (square Cl-1 of the first column and of the first row) and the 
high-frequency signal collected in the other squares is studied. A portion of the component 
20 including the squares most diagonally distant from square Cl-1 is surrounded with a 
protection structure 10. The quality of this protective structure is tested by comparing the 
noise collected in square CI 4- 14 (fourteenth column, fourteenth row) arranged inside of 
the protective structure and the noise collected for example in square Cl-1 5 (first column, 
fifteenth row) located substantially at the same distance from square Cl-1 as the squares 
25 located inside of protective structure 10. 

As illustrated by the partial cross-section view of Figure 2, the case where 
the structure is formed on a lightly-doped P-type solid single-crystal silicon substrate 1 1 
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(P~) will be more specifically considered. The various components of the integrated circuit 
are assumed to be formed in an upper portion of this substrate, for example, in a lightly- 
doped N-type epitaxial layer, a portion 12 of which is shown at the limit of protective 
structure 10. The various components are for example directly formed in this epitaxial 
layer (in the case of some of the bipolar transistors) or in more heavily-doped P-type wells 
(13) or N-type wells (14) in which N-channel and P-channel MOS transistors will in 
particular be found. The protective structure is formed of a heavily-doped P-type wall 15 
connected to ground. 

Such a protective structure is efficient at frequencies smaller than 1 GHz. 
However, as illustrated in Figure 3, the protection is no longer efficient when the 
frequencies increase. This is in particular due to the fact that the connection between 
heavily-doped wall 15 and the ground inevitably includes an inductance 1 having an 
impedance which increases along with frequency. 

Figure 3 shows the attenuation in dB at the level of square CI -15 and at the 
level of square CI 4- 14 of a signal transmitted by square Cl-1, according to frequency (in 
logarithmic scale), between 100 MHz and 10 GHz. In square CI -15, it can be seen that this 
attenuation decreases as the frequency increases. In square CI 4- 14 (or in any other square 
located inside of protective structure 10), it can be seen that, until a frequency on the order 
of one gigahertz is reached, the attenuation is much greater than for square Cl-1 5. 
However, for frequencies on the order of from 1 to 2 GHz, the slope of curve CI 4- 14 
changes and the attenuation caused by isolating wall 15 becomes negligible. It can even be 
acknowledged that, for frequencies greater than 2 GHz, the isolating wall has a negative 
effect, that is, the attenuation of the signal from square Cl-1 is smaller in square CI 4- 14, 
which is "protected" by isolating structure 10 than in square CI -15, which is not protected. 

Various theoretical explanations could be found for this phenomenon, which 
in any case is certainly due to the fact that the impedance of the connection of isolating 
wall 1 5 to ground becomes high. Thus, in prior art, various means of reducing the value of 
this impedance have been tried. One of these means is to use a so-called "flip-chip" 
semiconductor chip assembly mode in which the connection points on the chip are 
metallized and coated with conductive balls. Each conductive ball is then directly put in 



contact with a metallized region of a printed circuit board to which this chip is to be 
connected. Connections with a much smaller impedance than in the case where the chips 
are assembled in a package and connected to the package tabs by wires are thus obtained. 
However, this has not enabled completely solving the problem posed and has only partially 
improved the features of known protection structures. 

BRIEF SUMMARY OF THE INVENTION 

An embodiment of the present invention provides a novel structure of 
protection against noise in an area of an integrated circuit formed on a massive substrate. 

A structure of protection is provided for a first area of a semiconductor 
wafer including a lightly-doped substrate of a first conductivity type, against high- 
frequency noise likely to be injected from components formed in the upper portion of a 
second area of the wafer. The structure includes a very heavily-doped wall of the first 
conductivity type having substantially the depth of said upper portion, wherein said wall is 
divided into segments, each of which is connected to a ground plane. 

According to an embodiment of the present invention, the first conductivity 

type is type P. 

According to an embodiment of the present invention., the impedance 
between two successive segments is greater than the grounding impedance of each 
segment. 

According to an embodiment of the present invention, each segment is 
connected to a ground plane via an assembly of flip-chip type. 

According to an embodiment of the present invention, the isolating wall is 
surrounded with a medium-doped area of the first conductivity type. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

The foregoing objects, features and advantages of the present invention will 

be discussed in detail in the following non-limiting description of specific embodiments in 

connection with the accompanying drawings. 

Figure 1 shows an integrated circuit test structure; 



Figure 2 shows a simplified cross-section view of a portion of an integrated 
circuit in the vicinity of an isolating wall; 

Figure 3 shows the attenuation according to frequency at various points of 
the integrated circuit chip; 

Figure 4 shows a partial top view of an isolating wall according to the 
present invention; and 

Figure 5 shows a partial cross-section view of an isolating wall according to 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

As usual in the representation of semiconductor components, the various 
cross-section views and top views of components are not drawn to scale in the various 
drawings. In these drawings, same references designate identical or similar elements. 

As illustrated in Figures 4 and 5, the isolating wall according to the present 
invention is divided into heavily-doped P-type segments 21 (P + ). A metallization 22 
contacts each segment, and each of the metallizations 22 is independently connected to a 
ground plane. Preferably, this connection is obtained by a flip-chip type assembly such as 
previously described. Thus, as can be better seen from Figure 5, each region 21 formed in 
a lightly-doped P-type substrate (P~) is in contact with a metallization 22, itself topped with 
a welding ball 23 intended for ensuring the flip-chip assembly. Of course, this 
representation is extremely simplified and various ways of preparing connections for a flip- 
chip assembly are known in the art. An isolating layer 24 which is open at the locations 
where metallization 22 contacts segments 21 has been shown at the surface of the 
semiconductor wafer. 

The depth of isolating wall 21 will be that of a heavily-doped P-type region 
(P + ) in the considered technology. Its width will preferably be smaller than the greatest 
length of a contact pad 22. 

Preferably, the upper part of substrate 11 in the vicinity of the region of 
isolating wall 21 is formed of a P-type doped region 25 having a doping level intermediary 



between the doping of substrate 11 and the very heavy doping of region 21. Region 25 may 
for example extend over a distance greater than 100 jam on either side of isolating wall 21 . 

The interval between segments 21 and the doping of P-type region 25 are 
chosen so that the impedance between two segments is greater than or equal to the contact 
impedance between region 21 and the ground plane to which it is connected via 
metallization 22 and welding ball 23. 

Figure 3 shows the damping obtained at point D at a frequency of 2 GHz 
using the invention. As compared to the performance of the structure of Figure 1, the 
inventive structure provides greater damping, shown in Figure 3. At 2 GHz with the wall 
in dotted lines according to the present invention, all other things being equal, a -42-dB 
damping is obtained between squares Cl-1 and CI 4- 14 for a 2 GHz frequency, while this 
damping is only -3 1 dB with a continuous wall and the "natural" damping appearing on 
curve Cl-1 5 is on the order of -30 dB. At other frequencies improved damping is also 
obtained using the invention. 

Of course, the present invention is likely to have various alterations, 
modifications, and improvements which will readily occur to those skilled in the art. Such 
alterations, modifications, and improvements are intended to be part of this disclosure, and 
are intended to be within the spirit and the scope of the present invention. Accordingly, the 
foregoing description is by way of example only and is not intended to be limiting. The 
present invention is limited only as defined in the following claims and the equivalents 
thereto. 



